Two forms of glutamine synthetase (GS, and GS2) have been separated from cells of Stichococcus bacillaris by fast protein liquid chromatography. The activities of the two isoenzymes were influenced by the composition of the media employed; thiol reagents were essential for stabilizing GS2 but they suppressed GS, activity. The activity of each isoenzyme was, therefore, determined following separate purification procedures.
The physiological significance of the existence of two isoenzymes of GS2 in leaves of higher plants (3, 7, 9, 10, 14) and in green algae (4, 5, 13) is not clear. Keys et al. (8) have suggested that in higher plants the cytoplasmic isoenzyme (GS,) is responsible for reassimilation of photorespiratory ammonium, whereas primary ammonium assimilation is carried out by the chloroplast isoenzyme (GS,). Conflicting with this view are reports of a complete lack of GS, in many plants with high photorespiration rates (10) . In green algae, where photorespiration usually appears to be low and not to involve rapid ammonium recycling (1 1, 12) , the relative activities of the two isoenzymes vary considerably, and for several species, only GS, or GS2 is present (4) . It has been suggested that an accurate evaluation of the relative activities of GS, and GS2 may not have been obtained in studies employing ion exchange media containing DTT and mercaptoethanol, which suppress GS, activity ( 1 5). A further complication in the separation of GS by ion exchange is that the two isoenzymes are usually eluted at salt concentrations of 100 to 350 mM (3, 4, 9, 10, 13) which may not be compatible with optimal activity and stability (3) . GS can be protected against salt damage by organic solutes such as sorbitol and glycine-betaine (3) .
Recently, we have documented the regulation of GS activity in the green soil alga Stichococcus bacillaris under various growth conditions (2) . This paper reports the separation by ion exchange of two isoenzymes of GS Fraction Number FIG. 1. Elution profiles for the fractionation by FPLC of GS isoenzymes in photoautotrophic cells of S. bacillaris using media containing thiol reagents, sorbitol and glycinebetaine (A), containing sorbitol and glycinebetaine but no thiol reagents (B) and containing thiol reagents but no sorbitol and glycinebetaine (C). A 2 ml extract (2-2.5 x IO' cells) was fractionated using a linear salt gradient of 0 to 400 mm NaCl, and I ml fractions were collected each minute for enzyme analysis. The transferase activity of GS was expressed as y-glutamyl hydroxamate formed *cell-'. zymes in heterotrophic cells of S. bacillaris using media containing thiol reagents, sorbitol and glycinebetaine (A) and containing sorbitol and glycinebetaine but no thiol reagents (B). A 2 ml extract (2-2.5 x 109 cells) was fractionated using a linear salt gradient of 0 to 400 mM NaCl, and I ml fractions were collected each minute for enzyme analysis. The transferase activity of GS was expressed as y-glutamyl hydroxamate formed-cell1'-min-'. ml-'. The enzyme reaction mixture used contained no added thiol reagents ( 0 ), or 10 mm mercaptoethanol ( 0). The results shown are typical of 2 or 3 experiments. (2) .
Preparation of Cell-Free Extract and FPLC. Proteins were extracted and fractionated by ion exchange using one of the following procedures:
A. The extraction buffer contained 25 mM Tris, 5 mm sodium L-glutamate, 10 mM MgSO4, 0.5 mM EDTA, 1 mm reduced glutathione, 1 mM DTT, 10 mm mercaptoethanol, 300 mM sorbitol, 1% glycinebetaine, and FPLC elution buffers contained 25 mm Tris, 10 mM MgCl2, 1 mM DTT, 10 mM mercaptoethanol, 300 mm sorbitol, 1% glycinebetaine and 0 or 1 M NaCl. The pH of both extraction and FPLC elution buffers was adjusted to 7.6 with HCI.
B. The composition of extraction and FPLC elution buffers were as in A except for the omission of the thiol reagents.
C. The composition of the buffers was the same as in A, except for the omission of sorbitol and glycinebetaine.
In each purification procedure 4 to 5 x 109 cells in 5 ml of extraction buffer were disrupted by passing twice through a French pressure cell at 200 MPa and OC, and the extracts were clarified by centrifugation at 25,000g for 50 min at 5sC followed by a passage through 0.22 gm filter assembly. A 2 ml aliquot was fractionated on a Pharmacia Mono Q ion exchange column attached to an FPLC system (Pharmacia Fine Chemicals, Uppsala, Sweden) using a linear salt gradient of 0 to 400 mm NaCl, and 1 ml fractions were collected each minute. The transferase activity of GS was determined as in Ahmad and Hellebust (1) .
RESULTS AND DISCUSSION
The elution profiles shown in Figures 1 and 2 are typical of two to four experiments; the variation between experiments was less than 15%. The activity of GS in photoautotrophic (Fig. 1) and heterotrophic (Fig. 2) cells was separated into two distinct peaks by a linear salt gradient. The first peak designated as GS, eluted at about 140 mm NaCl and the second peak designated as GS2 eluted at about 280 mM NaCl. Using a Wescors dew point osmometer model 5 100, the accuracy of the salt gradient generated by FPLC pumps was found to be ±2%. The elution of two peaks was not due to interconversion of one to another by proteolysis. On rechromatography each peak eluted at its original position on the NaCl gradient (results not shown). The activity of both isoenzymes was influenced by the composition of the media used. Both photoautotrophic and heterotrophic cultures showed maximum GS, activity (Figs. lB and 2B) when extracted and fractionated in the absence of thiol reagents (purification procedure B). The activity of GS, in thiol-free fractions was inhibited by 40 to 60% following the addition of 10 mm mercaptoethanol to the enzyme reaction mixture (Figs. lB and 2B) . Similarly, the presence of thiol reagents in the buffers used in purification procedure A decreased the activity of GS, by about 65% in photoautotrophic cells (Figs. 1, A and B) and 50% in heterotrophic cells (Fig. 2, A and B) . The activity of GS2, on the other hand, was stabilized by the presence of thiol reagents. The extraction and fractionation of GS2 in the absence of thiol reagents resulted in a 90% loss of activity (Figs 1 and 2, A and  B) . Only a small fraction of the lost GS2 activity was reactivated by the addition of mercaptoethanol to the enzyme reaction mixture (Figs. l B and 2B) . These results indicate that one should not use a common purification procedure for the two isoenzymes. In S. bacillaris, an accurate estimation of the isoenzymic activity ofGS requires purification ofGS, and GS2 in the absence and presence of thiol reagents, respectively. Moreover, the data in Figure 1 show a need for the presence of organic solutes to protect the two isoenzymes against salt damage. In the absence ofsorbitol and glycinebetaine in the extraction and FPLC buffers (purification procedure C), the activity of GS, decreased by 70% (Fig. 1, B and C) and that of GS2 by 60% (Fig. 1, A and C) .
The maximum activities of GS (total) found in the clarified cell-free extracts of photoautotrophic and heterotrophic cells were 581 and 376 attomol . cell-' -min-' (Table I) 
